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Abstract

Mediterranean tropical-like cyclones ormedicanes, as contraction of

the term Mediterranean hurricanes, are responsible for costly dam-

ages and often result in casualties. Furthermore, medicanes pose

serious threats to coastal populations due to the storm surges (the

raising of the sea surface due to low atmospheric pressure) and the

combined e�ects of waves and winds along the coasts.

This study investigates the coastal hazards induced by a speci�c med-

icane, namedIanos, occurred over the mediterranean basin on mid

September 2020. Ianos was one of the most severe storms that have

formed in the Mediterranean Sea, with wind speed reaching 90km=h.

The main characteristics of tropical cyclones are analyzed, consid-

ering their structure and formation. The attention is focused to the

medicanes and some of the recent medicanes have been considered to

present their damage in the Mediterranean coastline.

The Ianos medicane has been simulated using the Adcirc model,im-

plemented on SMS. The Adcirc model solves the shallow water equa-

tions and requires some storm track information as inputs. These

details have been derived from measured data downloaded from the

ERA5 data set. This data set contains reanalyzed hourly estimates of

atmospheric, land and oceanic climate variables from the ECMWF,

the European Centre for Medium-Range Weather Forecasts.

The simulation results have been compared with other studies in or-

der to check the validity of the described procedure to studythe Ianos

medicane.

This study presents an approach to better understand the nature

and the coastal e�ect of a speci�c medicane. The analyzed proce-

dure can be applied to all the other similar phenomena.

The rarity of these events leads to poor information. It is needed to

increase the knowledge about these devastating medicanes since they

are estimated to be more frequent and powerful due to the climate

change.
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Chapter 1

Introduction

1.1 Motivation

The coastal vulnerability along the Mediterranean basin isincreasing, especially

in response to the occurrence of tropical-like cyclones, also known as medicanes.

Medicanes are characterized by strong winds, heavy rainfall and storm surge.

They can determine signi�cant 
ooding causing damage to building, socio-economic

activities, excessive erosion and landslide.

In the Mediterranean Sea the rate of warming supersedes the global average. The

change of many environmental parameters due to global warming is expected to

modify the frequency of appearances of medicanes, their time and spatial magni-

tude and their impact, especially over coastlines.

Research work predict an increasing trend of appearances ofstrongest medicanes

in the short term and fewer appearance of weaker ones. They are likely to be-

come more vigorous in autumn relative to spring and winter and to achieve more

often hurricane intensity. Their tracks are likely to shift south and east in the

Mediterranean, with more common occurrences in the Ionian Sea, a trend that

has already been observed in the recent years.

These considerations lead to the need to better evaluate thecoastal hazard re-

lated to the propagation of medicanes.

1
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1.2 Objectives

The objective of this work is to simulate a Mediterranean hurricane occurred in

mid September 2020, named Ianos, in order to analyze the damage in terms of

coastal 
ooding.

Medicanes have been gaining increased attention in the research community in

the last two decades. These storms constitute a major threatin the Mediter-

ranean region due to intense winds and rainfall.

Their frequency of occurrence is low and an objective de�nition has not yet been

established. Predicting medicanes poses a considerable challenge, due to scarce

observations over the sea and the interplay between the numerous factors in
u-

encing their entire life cycle at multiple spatial and temporal scales.

1.3 Layout of the thesis

The thesis is organized into the following chapters:

ˆ Chapter 2 describes the tropical cyclones characteristics with particular

reference to the medicanes;

ˆ Chapter 3 describes the ADCIRC model used to simulate the speci�c

medicane of September 2020;

ˆ Chapter 4 deeply analyzes the simulation procedure and the required data

derivation;

ˆ Chapter 5 contains the analysis of the simulation results;

ˆ Chapter 6 contains some considerations on the work.



Chapter 2

Theoretical background

In this section some theoretical concepts applied for the numerical implementation

and analysis of the simulated results are reviewed.

2.1 Coastal 
ooding

A 
ood is a general and temporary inundation of normally dry land areas.

When a coastal process such as waves, tides, storm surge, or heavy rainfall from

coastal storms produces that 
ood, it is called a coastal 
ood.

Coastal areas can also 
ood from high rainfall or over
owingstreams.

Coastal areas can experience various kinds of 
ooding.

One type is nuisance or tidal 
ooding, which typically occurs during extremely

high tides across the ocean, causing seawater to spill onto land and inundate low-

lying areas until the tide recedes.

Other types include moderate and major 
oods that can be caused by heavy

rains, storm surges, and high waves that occur during coastal storms.

The risk of coastal 
ooding is growing due to climate change.Rising temper-

atures are contributing to increases in

- sea level,

- severe storms and storm surges,

- changes in precipitation patterns.

These changes are increasing the number of coastal 
oods, worsening their e�ects,

and causing 
oods to last longer and extend further inland.

3
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Sea level rise 1 in any amount will increase the frequency and duration of coastal


ooding. Rising global temperatures from climate change are leading to sea level

rise in two primary ways, by

- warming and expanding ocean waters,

- melting glaciers and ice sheets on land.

The amount of sea level rise that is occurring varies in di�erent parts of the coast

based on many factors. For example, land in some coastal areas is rising or sink-

ing due to sediment accumulation or erosion, removal of underground resources

like groundwater and fossil fuels, and geologic changes. Where land is sinking,

the relative rate of sea level rise will be higher than average.

Coastal storms and storm surge can contribute to increased frequency and

severity of coastal 
ooding.

A coastal storm is a storm at sea that is directing stronger than normal winds

or waves toward the shoreline. Tropical storms and tropicalcyclones, or a low

pressure system are examples of coastal storms.

Scientists predict that as global temperatures warm, coastal storms will become

more intense, with higher wind speeds and heavier rains overthe course of the

21st century.

Storm surge is an abnormal rise in the water that is over and above the regular

tide level. Storm surges are caused by wind, waves, and low atmospheric pressure

from severe storms, such as tropical cyclones. Storm surgescan be particularly

damaging when they occur at the same time as the daily high tide.

Higher temperatures at the Earth's surface result in increased evaporation and

greater overallprecipitation . Increased amounts of precipitation, although gen-

erally associated with inland 
ooding, can also increase the risk of coastal 
ood-

ing.

1Sea level is an average level of the surface of the ocean from a standard reference point.
Sea level is measured using tide stations and satellites. Although sea level changes vary by
location, sea level rise is the overall average global rise in the level of the ocean surface.
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2.2 Tropical cyclones

2.2.1 Structure

Tropical cyclones are made of thunderstorms. They are characterized by low

pressure in the cyclone center, namedeye, near sea level.

Near the center the tropical cyclone presents a circle of thunderstorms called the

eyewall . This is the most violent part of the storm with the heaviest rain.

The tops of these thunderstorms can be in the lower stratosphere: 15 to 18 kilo-

meters high. Thunderstorm bases are very low: in the boundary layer2.

Tropical cyclones are made by a cloud shield that spread outward 75 to 150 kilo-

meters away from the eye wall. Hence, tropical cyclone diameters are roughly 10

to 20 times their depth.

Eye is a calm region with warm temperatures, subsiding (sinking) air, and fewer

or no clouds. Its diameter at sea level is 20 to 50 kilometers.The eye is conical,

with the larger diameter at the storm top.

Spiraling out from the eye wall can be zero or more bands of thunderstorms called

spiral bands.

Low-altitude winds rotate cyclonically, counterclockwise in the Northern Hemi-

sphere and clockwise in the Southern Hemisphere, around these storms and spiral

in towards their centers.

Figure 2.1: Green, yellow, orange, and red colors suggest from the moder ate to heavy rainfall.

Tropical cyclones are calledhurricanes over the Atlantic and eastern Paci�c

Oceans, the Carib bean Sea, and the Gulf of Mexico,typhoonsover the western

2The boundary layer is the lowest part of the atmosphere, directly in
uenced by its contact
with the Earth surface.
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Paci�c, cyclonesover the Indian Ocean and near Australia.

The Sa�r -Simpson Hurricane Wind Scale de�nes hurricane intensity based

on maximum 1-minute sustained wind speed measured at standard anemome-

ter height of 10 meters.

The scale ranges from category 1 for a weak hurricane to category 5 for a strong

hurricane. It estimates potential property damage.

All tropical cyclones produce life-threatening winds, morespeci�cally the ones

rated Category 3 and higher are known asmajor tropical cyclones. Major trop-

ical cyclones can cause devastating to catastrophic wind damage and signi�cant

loss of life simply due to the strength of their winds.

Tropical cyclone of all categories can produce deadly stormsurge, rain-induced


oods, and tornadoes. These hazards require people to take protective action,

including evacuating from areas vulnerable to storm surge.

The following table shows the cyclone category with the corresponding degree of

damage.

Category Wind Speed ( m=s) Damage

1 33 - 42 Minimal

2 43 - 49 Moderate

3 50 - 58 Extensive

4 59 - 69 Extreme

5 � 70 Catastrophic

Table 2.1: The Sa�r -Simpson scale

ˆ Category 1 : Very dangerous winds will produce some damage

Well-constructed frame homes could have damage to roof, shingles, vinyl

siding and gutters. Large branches of trees will snap and shallowly rooted

trees may be toppled. Extensive damage to power lines and poles likely will

result in power outages that could last a few to several days.

ˆ Category 2 : Extremely dangerous winds will cause extensive dam-

age

Well-constructed frame homes could sustain major roof and siding damage.
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Many shallowly rooted trees will be snapped or uprooted and block numer-

ous roads. Near-total power loss is expected with outages that could last

from several days to weeks.

ˆ Category 3 : Devastating damage will occur

Well-built framed homes may incur major damage or removal ofroof decking

and gable ends. Many trees will be snapped or uprooted, blocking numerous

roads. Electricity and water will be unavailable for several days to weeks

after the storm passes.

ˆ Category 4 : Catastrophic damage will occur

Well-built framed homes can sustain severe damage with lossof most of the

roof structure and/or some exterior walls. Most trees will be snapped or

uprooted and power poles downed. Fallen trees and power poles will isolate

residential areas. Power outages will last weeks to possibly months. Most

of the area will be uninhabitable for weeks or months.

ˆ Category 5 : Catastrophic damage will occur

A high percentage of framed homes will be destroyed, with total roof failure

and wall collapse. Fallen trees and power poles will isolateresidential areas.

Power outages will last for weeks to possibly months. Most ofthe area will

be uninhabitable for weeks or months.
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2.2.2 Requirements for Cyclogenesis

Seven conditions are necessary for tropical cyclones to form.

1. Warm sea surface

The sea surface temperature must be approximately 26.5° C or warmer

with at least 50 meters depth.

These conditions are necessary to enable strong evaporation and heat trans-

fer from the sea surface into the boundary layer. The warmer,more-humid

boundary-layer air serves as the fuel for thunderstorms in the tropical cy-

clone.

If the warm waters are too shallow, then the turbulent mixingof water, due

to the strong winds in tropical cyclones, will stir colder deeper water up to

the surface. The sea-surface temperature will decrease below the threshold

and the tropical cyclone will kill itself.

2. Non-zero Coriolis force

Tropical cyclones cannot form near the equator with latitude less than 5°

sinceCoriolis force is near zero in that region; since the Coriolis force is

exactly zero right at the equator.

With Coriolis force, winds in the bottom half of the troposphere are forced

around the eye. Most of the air is 
owing tangentially aroundthe eye rather

than 
owing radially into it.

Without Coriolis force, boundary-layer air would be sucked directly into

the eye by the low pressure. Thus, air molecules would accumulate in the

eye, causing pressure to increase towards ambient values. The low pressure

would disappear, winds would die, and the tropical cyclone would cease to

exist in less than a day. This is what happens to tropical cyclones that

approach the equator.

3. Nonlocal conditional instability

Tropical cyclones are made of thunderstorms, then the tropical environment

must have su�cient textbfnonlocal conditional instabilit y to support deep

thunderstorm convection. There must be a cap above the warm humid

boundary layer, achieved via strong heat and moisture 
uxesfrom the warm

sea surface into the air, and the mid-troposphere must be relatively cool

compared to the boundary layer. The cap is important | it prevents the

fuel from escape.
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4. High humidity in the mid troposphere

Humidity in Mid-troposphere must behigh . Otherwise, the incipient thun-

derstorms cannot continue to grow and organize into tropical cyclones.

5. Weak ambient wind shear

Wind shear must beweak to enable thunderstorm clusters to form. These

clusters are the precursors to tropical cyclones. If the shear is too strong,

the updrafts in the thunderstorms become tilted, and latent heating due

to water-vapor condensation is spread over a broader area. This results in

less-concentrated warming, and a reduced ability to createa low-pressure

center at sea level around which the thunderstorms can become organized

into a tropical cyclone.

6. Enhanced synoptic-scale vorticity

Synoptic-scale vorticity in the bottom half of the troposphere can help

organize the thunderstorms into an incipient tropical cyclone. Otherwise,

any thunderstorms that form would act somewhat independently of each

other.

7. A trigger

A method to trigger the tropical cyclone is also needed. A trigger is any-

thing that creates synoptic-scale horizontal convergencein the atmospheric

boundary layer. Some triggers are: easterly waves, Monsoontroughs, mid-

latitude fronts that reach the tropics, and Tropical Upper Tropospheric

Troughs.
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2.2.3 Life Cycle

At locations where all of the necessary conditions are met, the incipient tropical

cyclones usually progress through the following intensi�cation stages: tropical

disturbance, tropical depression, tropical storm, tropical cyclone.

The tropical disturbance is a cluster of thunderstorms that stay together as

they move across the ocean.

Most tropical disturbances do not evolve into tropical cyclones.

As condensation and precipitation continue in this thunderstorm cluster, more

and more latent heat is released3 in those storms. The mid-tropospheric air near

this cluster becomes warmer than the surrounding ambient air.

Pressure decreases more slowly with increasing altitude inthis warm region.

Thus, high pressure starts to form near the top of the troposphere in the re-

gion of this cluster.

The high pressure aloft begins to create a thermal circulation, where air aloft is

driven horizontally outward.

The outward moving air aloft removes air molecules from the thunderstorm clus-

ter region of the troposphere, thereby lowering the surfacepressure under the

cluster. The \depressed" pressure at sea level is why this stage gets its name:

tropical depression .

As this weak surface low forms, it creates a pressure gradientthat starts to

suck winds horizontally toward the center of the low. This in
owing air begins

rotating cyclonically due to Coriolis force.

This tropical depression stage is de�ned by measurable near-surface winds of

17 m=s or less.

Most tropical depressions do not strengthen further.

However, this radial in
ow can draw in more warm humid boundary-layer air,

thereby refueling the thunderstorms and allowing them to persist and strengthen.

Condensation and precipitation increase, causing a corresponding increase in la-

tent heat release. This warm core of the storm further strengthens the high

pressure aloft via the hypsometric relation ship, which drives more out
ow aloft

and removes more air molecules from the troposphere near thecluster. Thus, the

surface low pressure can continue to deepen in spite of the boundary-layer in
ow.

3As condensation occurs and liquid water forms from the vapor, the water molecules become
more organized and heat is released into the atmosphere.
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When the surface low is deep enough to drive winds faster than 17 m=s (but

less than 33m=s) in a closed cyclone circulation, then the system is classi�ed

as a tropical storm . At this point, the thunderstorm rain bands have nearly

completely wrapped into a circle, the future eyewall.

The nametropical cyclone is given when there is a well de�ned eye surrounded

by an eyewall of thunderstorms. Maximum wind speeds are 33m=s or greater

in a closed circulation around the eye. There is heavy precipitation from the

eyewall thunderstorms and the core of the storm is signi�cantly warmer than the

environment outside the storm.

Sea-level pressure decrease in the eye is measurable and signi�cant, and a rise

of sea level into a storm surge is possible. The storm organization allows it to

persist for days to weeks as it moves across ocean basins.
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2.3 The Mediterranean Sea

The Mediterranean Sea comes from the LatinMar Medi Terraneum which means

sea in the middle of the land. This term describes its position since the Mediter-

ranean Sea is surrounded by the continents of Europe, Africa and Asia and is

joined to the Atlantic Ocean at its westernmost point by the Strait of Gibraltar.

The Strait of Gibraltar separates the Iberian Peninsula in Europe from Morocco

in Africa. The two continents are separated by 13 kilometres of ocean at the

narrowest point of the Strait between Point Marroqu�� in Spain and Point Cires

in Morocco.

The Mediterranean sea covers an area of 2,5 million square kilometres and it

has approximately 46000 kilometres of coastline.

The sea is composed by two large basins, the western and the eastern basins,

connected by the strait of Sicily, that give rise to quite a shallow sea with an

average depth of 1500 metres. However the eastern basin contains the deepest

areas, exceeding 5000 metres below the surface.

The Mediterranean Sea is characterized by high salinity dueto the fact that

it is a semi-enclosed sea with high evaporation which rain and river discharges

cannot compensate for. In fact, the water entering from the Atlantic does not

make up for the loss of water by evaporation so the water becomes saltier. The

further away the water is from the Strait of Gibraltar the saltier it is.

The Mediterranean is sub-divided into a number of smaller seas, each with their

own name shown in �gure 2.2.
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Figure 2.2: 1: Strait of Gibraltar, 2: Alboran Sea, 3: Balearic Sea, 4: Li gurian Sea, 5: Tyrrhenian
Sea, 6: Adriatic Sea, 7: Ionian Sea, 8: Mediterranean Sea - Ea stern basin, 9: Aegean
Sea.
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2.4 Medicanes

The Mediterranean Tropical-like Cyclones or Medicanes -Mediterranean hurricanes

- exhibit a remarkable similarity to their tropical counterparts both for their ap-

pearance in satellite images and for their dynamical and thermodynamic features.

Medicanes are characterized by the presence of aneye of mostly calm weather, a

warm-core anomaly that is maximum near the surface, weak vertical wind shear,

a strong rotation around the pressure minimum, an eyewall with convective cells,

from which rainbands extend, induced sea level rise and storm surge.

Similarly to tropical cyclones, they form over the sea and decay rapidly after

landfall. However, in contrast with tropical cyclones, their lifetime is restricted

to a few days, due to the limited extent of the Mediterranean Sea, which is their

main source of energy, the diameter is generally few hundredkilometers and the

intensity rarely exceed category 1 of tropical cyclone strength.

There are also di�erent environmental conditions in which medicanes and tropical

cyclone develop.

The �rst di�erence is the wind shear, which is weak near the tropics, while it

systematically a�ects the Mediterranean region due to the southern deviations of

the polar jet.

The second is the sea surface temperatures. Medicanes develop over sea surface

temperatures of 15� 23 °C, well below the threshold of 26.5°C for tropical cy-

clones. In fact, the intrusion of very cold air in the upper troposphere may allow

a high conversion e�ciency of thermal energy into kinetic energy even in the

presence of relatively low sea surface temperature.

Some fundamental questions arise with regard to the actual medicane risk along

the Mediterranean coasts:Are there favored locations for the development and

maintenance of medicanes? How intense can they become? How could they react

to human-induced global warming?

The lack of systematic, multidecadal databases and the rarity of the phenomenon,

these and other relevant questions are condemned to remain largely unanswered

from a mere statistical analysis of the few existing records. The rarer the event,

the more di�cult it is to identify climatological patterns a nd long-term changes,

simply because there are fewer cases to evaluate.



2.4 Medicanes 15

As it is di�cult to formulate a clear distinction between medicanes and the broad

spectrum of Mediterranean low-pressure systems, the use ofcriteria more or less

strict can induce varying results on the average occurrenceof these storms, for

example, 0.5 (Tous and Romero, 2013), 1.6 (Cavicchia et al.,2013), or 2 events

per year (Romero and Emanuel, 2016).

Also, there is increasing concern about the way these extremephenomena could

change in frequency or intensity as a result of human in
uences on climate.

2.4.1 Classi�cation of Medicanes

Due to their rare occurrence, the mechanisms responsible for the development of

medicanes were analysed in a relatively limited number of case studies.

Typically, the beginning of medicane life cycles is similar. All systems tend to

grow through the interaction of an upper-tropospheric potential vorticity streamer

with a low-level baroclinic area.

Di�erent evolutions can be identi�ed during maturity when baroclinic forcing,

air{sea interactions and convection may all play an important role in cyclone

development.

Miglietta and Rotunno (2019) categorized medicanes in three main representative

groups, based on previous medicane phenomena.

- Group 1:

Baroclinic instability plays an important role throughout the lifetime of cy-

clones and warm seclusion is su�cient to explain the presence of the warm

core. Convection is relevant to cyclogenesis and is responsible for the rapid

intensi�cation of the system.

In contrast, convection is weak during the mature phase of the medicane,

when the system is propagating in phase with an upper tropospheric po-

tential vorticity cut-o�.

- Group 2:

Baroclinicity is relevant only in the initial stage, and, asfor tropical cy-

clones, the theory of wind-induced surface heat exchange (Emanuel, 1986;

Rotunno and Emanuel, 1987) can explain their intensi�cation through a

positive feedback between latent-heat release and air-sea-interactions.

However, wind-induced surface heat exchange may only take place after the
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occurrence of tropical transition, i.e. after organised convection near the

cyclone centre is capable of sustaining the vortex (Davis and Bosart, 2004).

For such medicanes, the vertical thermodynamic structure is similar to that

of tropical cyclones and very di�erent from that of a cycloneof Group 1.

Medicane Rolf (November 6-9 2011) is another characteristicexample: Migli-

etta et al. (2013) and Da�s et al. (2018; 2020) showed that deep convective

clouds occurred mainly during the intensi�cation period, while lightning

activity was mostly pronounced about one day before the maximum cy-

clone strength. This reveals that the spatial and temporal distribution of

deep convection and lightning activity is more similar to those of tropical

cyclones than to intense Mediterranean extra-tropical cyclones. Romaniello

et al. (2015) showed a signi�cant sensitivity of model simulations to the

SST �eld.

- Group 3:

This group includes smaller-scale vortices that develop within the circula-

tion associated with a synoptic-scale cyclone.

A recent example concerns medicane Qendresa (November 7-8 2014). Bouin

and Lebeaupin-Brossier (2020) showed that the deepening and tropical tran-

sition of Qendresa, initially developed as an extratropical cyclone, are the

result of the synergy between baroclinic and diabatic processes, identifying,

as did Pytharoulis (2018), a strong control of SST over the cyclone intensity.

Conversely, Carri�o et al. (2017) stressed the importance of the upper-level

dynamics to support the tropical transition of the system. In this case,

latent-heat release and surface-heat 
uxes, as individualprocesses, seem to

be of secondary importance.
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2.4.2 Recent medicanes and impacts

Some of the recent medicanes, from 2014 to 2020, are presented with particular

reference to the zone of occurrence and the damage caused.

On November 6 2014 a low level circulation formed near Kerkennah Islands. The

system quickly intensi�ed and moved northeastwards. It wasnamed Qendresa.

It hit Malta, interacting with Sicily it turned northeastwa rds. On November 8,

Qendresa crossed Syracuse in the morning and then signi�cantly weakened. Turn-

ing southeastwards then moving eastwards, Qendresa moved over Crete, before

dissipating over the island on November 11.

On October 28 2016, a cyclone began to develop to the south of Calabria, in

the Ionian sea. The system quickly intensi�ed and slowly began to move east-

wards. It was de�ned asTrixi .

On October 31 it re-intensi�ed and after passing over Crete,the storm began

to quickly weaken, with the storm degenerating into an extratropical low on 1

November.

On November 14 2017, extratropical Ccclone namedNuma emerged into the

Adriatic Sea. The storm crossed Italy and began to impact Greece as a strong

storm on November 16.

On November 18, Numa acquired evident tropical characteristics, and began to

display a hurricane-like structure. It made landfall in Greece with a station at

Kefalonia reporting peak winds of 110km=h. The cyclone rapidly weakened into

a low-pressure area, before emerging into the Aegean Sea on 19November.

On September 27 2018, an extratropical storm developed in the eastern Mediter-

ranean Sea. Water temperatures of around 27°C supported the storm's transition

into a hybrid cyclone, with a warm thermal core in the center.The storm moved

northeastward toward Greece, gradually intensifying and developing characteris-

tics of a tropical cyclone.

On September 29, the storm made landfall at peak intensity inthe Peloponnese,

west of Kalamata. It was namedZorbas. Early on 1 October, Zorbas emerged

into the Aegean Sea, while accelerating northeastward. On October 2, Zorbas

moved over northwestern Turkey and dissipated.
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On September 14 2020, a low-pressure area began to develop over the Gulf of

Sidra, quickly developing in the coming hours while slowly moving northwest

with a wind speed of around 50km=h. By September 15, it had intensi�ed to 65

km=h and it was namedIanos.

It gradually intensi�ed over the Mediterranean Sea, acquiring an eye-like feature.

Ianos made landfall on Greece at peak intensity on September18, with winds

peaking near 160km=h. As Ianos passed to the south of Italy on September 16,

it produced heavy rain across the southern part of the country and in Sicily. As

much as 35 millimeters of rain was reported in Reggio Calabria, more than the

normal monthly rainfall.

Ianos left four dead people and one missing, in addition to strong tides in Ionian

islands such as Kefalonia, Zakynthos, Ithaca and Lefkada, and 120km=h winds

at Karditsa which brought down trees and power lines, and caused landslides.

In the following �gures 2.3, 2.4, 2.5, 2.6, 2.7 the medicanesare shown with refer-

ence to the date of occurrence.

Figure 2.3: Qendresa, November 8 2014
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Figure 2.4: Trixie, October 30 2016

Figure 2.5: Numa, November 18 2017
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Figure 2.6: Zorbas, September 29 2018

Figure 2.7: Ianos, September 17 2020

A summary of the most recent medicane is given in table 2.2, where storm

duration, period and region of occurrence are provided.
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Recent medicanes

Medicane Period Region

Qendresa Nov 7 - 9 2014 SM, IS

Trixie Oct 28 - 31 2016 SM, IS

Numa Nov 16 - 19 2017 SM, IS

Zorbas Sep 27 - Oct 1 2018 SM, IS

Ianos Sep 14 - 21 2020 SM, IS

Table 2.2: Note: WM = Western Mediterranean; SM = Southern Mediterranean; EM = Eastern
Mediterranean; TS = Tyrrhenian Sea; AS = Adriatic Sea; IS = Io nian Sea.





Chapter 3

Methodologies

In this section some numerical model for storm surge assessment are presented,

with particular reference to the Adcirc Model which is the onethat has been

implemented to simulate the medicane.

3.1 Numerical models for storm surge assessment

Storm surge models are a useful scienti�c tool for predicting real-time storm surge

and future planning. These models provide real-time forecasting of the water level

and potential inundation under storm conditions. Storm surge models are also

used to hindcast the 
ooding generated by past hurricanes, assess future 
ood

risks, and produce potential 
ooding maps for planning purposes.

Although there are di�erences between every storm surge model, they all share a

common set of required data to generate storm surge simulations. A basic recipe

for running a storm surge model to generate wind-driven storm surge includes:

- computational mesh that covers the area of interest,

- bathymetry data for the area,

- hurricane information, including position or storm trackand wind strength,

and atmospheric pressure,

- tidal information.

Most storm surge models are two-dimensional, meaning that the current varia-

tion with depth is not resolved in these models. Researchershave shown that a

23
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well-tuned two-dimensional model is su�cient to produce anaccurate estimate

of the abnormal rise in water level due to storms. However, forsome applications

such as pollutant transport, a three-dimensional model is necessary for accurate

results.

Some well-developed storm surge models used in the U.S. include the SLOSH

model (the Sea, Lake, and Overland Surges from Hurricanes); the ADvanced

CIRCulation (ADCIRC) coastal circulation and storm surge model; and (CH3D)-

SMSS, the Storm Surge Modeling System with Curvilinear-grid Hydrodynamics

in 3D. Storm surge models developed or used in other countries include Delft3D

(Netherlands) and the Japan Meteorological Agency (JMA) storm surge model.

The SLOSH model was developed by the National Weather Servicein the 1990s

(Jelesnianski et al. 1992, Glahn et al. 2009) and is still the operational model

used by National Hurricane Center due to its computational e�ciency.

The SLOSH model separates the coastline into 32 basins whichcover the en-

tire U.S. Atlantic and Gulf of Mexico coastlines as well as Hawaii, Puerto Rico,

Virgin Islands, and the Bahamas. These model basins are centered particularly

susceptible features, such as inlets, large coastal centers of population, low-lying

topography, and ports. Each basin is represented by a mesh orgrid which can

resolve ocean bathymetry and land features in great detail,but does not extend

to the open ocean.

The Advanced Circulation (ADCIRC) model was developed at the University

of North Carolina by Dr. Rick Luettich. It is a more complex andcapable and

more time-consuming storm surge model than the SLOSH model.

ADCIRC makes use of a highly 
exible mesh system to produce storm surge sim-

ulation. The model can better simulate tides propagated from the open ocean

and is also capable of resolving very detailed bathymetry inthe coastal region.

After Hurricane Katrina, the Interagency Performance Evaluation Taskforce used

the primarily a two-dimensional ADCIRC model to simulate Katrina's storm

surge and produce coastal 
ood maps for a storm with a 1 % and 0.2 % annual

chance of occurrence in a given year for the New Orleans region.

ADCIRC is also being used by the U.S. Federal Emergency Management Associ-

ation to produce Flood Insurance Rate Maps in several coastalregions. A storm

surge and wave guidance system is being developed based on the ADCIRC model
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that can be used for coastal emergency risk assessment.

The errors in a storm surge model mainly come from three aspects. Most errors

can be attributed to the quality of the input data, for example, model forcing

such as storm track, wind intensity, etc., as well as bathymetry and topogra-

phy data. Model physics is also important especially in the parametrization of

physical processes (e.g., wind stress, surge-wave interaction, interaction with to-

pographic features). Models running in 2D or 3D mode can be considered as part

of the model physics, because it mainly a�ects the simulation of the bottom fric-

tion. The last factor is model domain and grid resolutions, which stem from the

numerical approximations used in the model. Usually, higherspatial resolutions

give higher accuracy if the model physics are complete and theinput data are

high quality.
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3.2 The Adcirc Model

SMS (Surface-water Modeling System) is a complete program for building and

simulating surface water models from Aquaveo. It provides a custom interface to

the ADCIRC Model o�ering a simple way to set model parameters and a graph-

ical user interface to run the model and visualize the results1.

Typical ADCIRC applications include modeling tides and winddriven circulation,

analysis of hurricane storm surge and 
ooding, dredging feasibility and material

disposal studies, larval transport studies, near shore marine operations.

The model was developed to produce long numerical simulations on the order

of a year for very large computational domains: for example,the entire east coast

of the United States. The model was designed for high computational e�ciency

and was tested extensively for both hydrodynamic accuracy and numerical sta-

bility.

ADCIRC-2DDI is formulated using the highly successful Generalized Wave-Continuity

Equation formulation.

It solves for the shallow-water equations in their full nonlinear form and includes

nonlinear convective acceleration terms and �nite amplitude terms as well as the

standard quadratic parameterization of bottom friction terms. In addition a spa-

tially variable eddy viscosity term is included.

The ADCIRC-2DDI model can be forced with elevation boundary conditions,

zero normal boundary 
uxes, variable spatial and temporal free surface stress

and atmospheric pressure forcing functions in addition to Coriolis and tidal po-

tential forcing terms.

The depth-integrated equations of mass and momentum conservation, subject

to the incompressibility, Boussinesq, and hydrostatic pressure approximations,

are the basis for ADCIRC-2DDI. Using the standard quadratic parametrization

for bottom stress, approximating the combined turbulent di�usion and momen-

tum dispersion e�ects with a simpli�ed eddy viscosity model, as well as neglecting

baroclinic terms leads to the following set of conservationstatements in primitive

non-conservative form for a Cartesian coordinate system.

Equation 3.1 is the vertically integrated continuity equation and equations 3.2a

1In this project the SMS software is used to run the model, while the Matlab software is
used to visualize the results, as shown in the following section.
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and 3.2b are the vertically -integrated momentum equationsin the non-conservative

form.
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where

- H = � + h total water column thickness,

{ � free surface elevation from the geoid,

{ h bathymetric depth relative to the geoid,

- U, V depth - averaged horizontal velocities in thex, y directions:

U =
1
H

Z �

� h
u dz

and

V =
1
H

Z �

� h
v dz

with u, v the vertically-varying velocities in thex, y directions,

- f = 2 � 
 sin � Coriolis parameter where

{ 
 angular speed of Earth,

{ � degrees latitude,

- ps atmospheric pressure at the free surface,

- g acceleration gravity,

- � Newtonian equilibrium tide potential,

- � e�ective Earth elasticity factor,

- � sx , � sy applied free surface stresses,
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- � o reference density of water,

- � � s.t.

� � = Cf

p
U2 + V 2

H

with Cf bottom friction coe�cient,

- M x , M y depth integrated horizontal di�usion/dispersion
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whereEh2 horizontal eddy di�usion/dispersion coe�cient.

ADCIRC-2DDI does not solve the shallow-water equations in primitive form but

is based on the generalized wave continuity equation (GWCE)form of the sallow-

water equations. Primitive shallow-water equation modelsusing the �nite ele-

ment (FE) method are plagued with severe spurious mode problem. However,

the GWCE formulations lead to FE depth-integrated coastal circulation codes

that are highly accurate and e�cient.

The GWCE is derived by combining a time-di�erentiated form of the primi-

tive continuity equation and a spatially di�erentiated form of the primitive con-

servation of momentum equations, reformulating the convective terms into non-

conservative form, adding the primitive form of the continuity equation multiplied

by a constant in time and space� o and rearranging the eddy viscosity terms.

The GWCE equation for Cartesian coordinates is expressed as:
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The GWCE is solved in conjunction with the primitive form of the momentum

equations, 3.2a and 3.2b.

The discretization procedure is implemented in three well de�ned stages.
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First, symmetrical weak weighted residual statements are developed for the GWCE

and primitive momentum equations. The resulting equationsrequire C0 func-

tional continuity.

Second, the equations are time discretized. A variably weighed three-time-level

implicit scheme is used for most linear terms in the GWCE withthe nonlinear,

Coriolis, atmospheric pressure forcing, and tidal potential terms being treated ex-

plicitly. The time derivative term that appears in the non-conservative convective

terms in the GWCE is evaluated at two known time levels. A Crank-Nicolson

two-time level implicit discretization is applied to all the terms in the momentum

equations with the exception of the� � terms, the convective terms, and the eddy

viscosity terms, which are treated explicitly.

Finally, the FE method is implemented. This involves expanding the variables

over C0 three-node linear triangles (with the exception of the non-spatially dif-

ferentiated portion of the convective term in the �nal weighted residual form of

both the GWCE and the momentum equations, which applyL2 interpolating

functions), developing discrete equations on an elementallevel, assembling global

systems of equations, and enforcing elevation boundary conditions in the discrete

GWCE and normal velocity boundary conditions in the discrete momentum equa-

tions. It should be noted that the discrete GWCE is decoupledfrom the discrete

momentum equations, allowing a sequential solution procedure.

Furthermore, the GWCE system matrix is time independent andonly needs to

be assembled and decomposed once for a direct solver. Mass lumping is imple-

mented for the momentum equations. Therefore, even though the discrete mo-

mentum equations system matrix is time dependent, it is trivial to solve since it is

diagonal. Finally, ADCIRC-2DDI has also been highly vectorized. The features

described make ADCIRC-2DDI highly e�cient in terms of central processing unit

(CPU) requirements per node.





Chapter 4

Numerical simulations

In this section the details on the simulation have been presented.

As analyzed in the previous section, the data needed for the model simulation

are as follows:

- computational mesh that covers the area of interest,

- bathymetry data for the area,

- hurricane information, including position or storm trackand wind strength,

and atmospheric pressure,

- tidal information.

4.1 Mesh preparation

Two �les have been downloaded:

ˆ the shape�le of the Mediterranean Sea1 described by a polygon, named

"iho.shp";

ˆ the raster �le of the bathymetry of the Mediterranean Sea2, named "gebco2022",

from GEBCO3 - General Bathymetric Chart of the Ocean.

The shape�le of the Mediterranean Sea has been opened with ARCGIS Pro to

be modi�ed.
1https://marineregions.org/gazetteer.php?p=details&id=1905
2https://www.opendem.info/download_bathymetry.html
3GEBCO compiles and shares authoritative and publicly available bathymetry datasets

from di�erent sources, including governments and research agencies.

31
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It is a polygon with the shape of the Mediterranean Sea and it is divided into

sub-regions, as shown in the following �gure 4.1.

Figure 4.1: Subdivision of the Mediterranean Sea

There is the need to:

1. collect all the sub polygons into a unique one,

2. simplify the shape of the polygon,

3. extract the line describing the coastline of the simpli�ed polygon.

This procedure is implemented on ARCGIS Pro.

Selecting theEdit ! Merge the software collects all the sub divisions of the

Mediterranean Sea into a single one. This polygon has been named "Mediter-

ranean Sea".

The Tool ! Simplify Polygon has been used to simplify the shape of the poly-

gon. It has been selected the input as the "iho.shp", �gure 4.2a, and the output

has been named "ihoSimplifyPolygon", �gure 4.2b.

It has been chosen asSimpli�cation Algorithm the Retain critical bends

(Wang-M•uller) with Simpli�cation Tolerance of 5 km andMinimum Area

of 25 km square.
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(a) Initial Polygon "iho.shp"

(b) Simpli�ed Polygon "iho SimplifyPolygon"

Figure 4.2: Simpli�cation of the Polygon

Comparing the two �gures the simpli�ed Polygon is smoother with less details.

In order to transform the polygon into a line the commandTool ! Polygon

to Line has been used. The input is "ihoSimplifyPolygon" and the output has

been named "ihoSimplifyline".



4.1 Mesh preparation 34

Figure 4.3: Simpli�ed Mediterranean boundary line

The obtained line has some internal intersections which should be eliminated

editing the line to avoid simulation problems. These problems emerge around

Delta del Po where the following procedure is done.

Figure 4.4: Delta del Po line

These intersections has been eliminated using come available commands:

ˆ Edit ! Edit Vertices to eliminate some vertices which are not relevant;

ˆ Edit ! Split to divide a portion of the line and eliminate it.

There is the need to reconnect correctly the part of the polyline that has been

removed to obtain a closed line.

To do so the simpli�ed polygon shape has been used to reshape something similar,

without loosing too much the shape information.
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The commands used areEdit ! Select the line and click on Add Vertices .

Right click on the upper part of the line Inverse the direction and connect it

with the lower part manually. The procedure is shown in the following �gure 4.5.

(a) Edit Vertices (b) Split

(c) Delete (d) Connect

Figure 4.5: Modify Delta del Po

The resulting feature line has been saved as "Mediterranean.shp" and ex-

ported in SMS. Figure 4.6 shows the visualization on SMS of theshape �le rep-

resenting the simpli�ed Mediterranean coastline.

Figure 4.6: "Mediterranean.shp"
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The raster �le has been uploaded into SMS. Figure 4.7 shows thevisualization

on SMS of the raster �le de�ning the land and sea elevation of the area of interest.

Figure 4.7: Elevation of Mediterranean Sea

The "Mediterranean.shp" has been converted intoFeature Objects and re-

named as "MediterraneanBoundary".

Checking for the model errors, a problem on the Delta del Po region appears.

This was the area where the ARCGIS modi�cation was previouslyanalyzed,

shown in �gure 4.5.

The coastline on that region contains two disjoints segments, as shown in �g-

ure 4.8a. Moving the end point of one of the two segments, these have been joint,

as shown in �gure 4.8b.

The resulting coastline in this region is shown in �gure 4.8c.
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(a) Disjoint segments

(b) Connected segments (c) Final Delta del Po

Figure 4.8: Modi�cation of Delta del Po

All the small islands, selected in �gure 4.9, in the Mediterranean region have

been eliminated, in order to simplify the mesh and consequently reduce the run-

ning time.

Figure 4.9: Selecting the smaller islands

Figure 4.10 shows the resulting simpli�ed Mediterranean coastline.
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Figure 4.10: The resulting boundary

By right selecting on the map two commands has been used:

ˆ Redistribute Vertices with Average Spacing of 0.1 - 100km;

ˆ Smooth Arcs with a Number of 5;

in order to reduce the spacing between nodes and make the coastline smoother.

Figure 4.11 shows the resulting coastline boundary after these two command

selections.

Figure 4.11: Simpli�ed boundary

The Feature Object "Mediterranean" has been converted into anADCIRC

Model .

The boundary type of the shape has been de�ned. In particular, the Strait of
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Gibraltar has been de�ned as aFeature Arc , shown in �gure 4.12a. It has been

de�ned as Ocean, while all the remaining boundary has been de�ned as land.

(a) Strait of Gibraltar

(b) The Arc Attributes Tab

Figure 4.12: The Strait of Gibraltar boundary

By right selecting all the remaining boundary and selectingAttributes !

Mainland , essential boundary conditions have been selected for all the boundary

line de�ning the land.

By selecting Feature Objects ! Build Polygon and eliminating the poly-

gons relative to the islands, the polygons in the Mediterranean Sea have been
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created. They are used to generate the mesh for the ADCIRC Model. Selecting

Convert ! Map to Mesh the mesh has been derived.

Figure 4.13a shows the resulting mesh.

(a)

(b)

Figure 4.13: The Mesh

The commandsADCIRC ! Model Check is used to check and solve some

errors on the generated mesh.

The last objective is to modify the raster �le. This �le describes the land and
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water elevation which takes a negative value for the water depth and positive

value for the land. The zero is taken at the water level.

By usingData ! Data Set Toolbox ! Data Calculator , the raster elevation,

denoted as "d1", has been multiplied by minus one in order to derive positive

values for the water depth and negative for the land elevation, which is not taken

into account. In fact, the minimum range value has been chosen as 0 meter in

order to consider only the water surface elevation.

Finally, the water depth can be derived from the color bar, shown in �gure 4.14a,

with unit measure meter.

Figure 4.14b shows the resulting mesh with the explicit elevation for each element.

(a) Eleva-
tion

(b) Mesh

Figure 4.14: The resulting mesh

The area of the triangles is around 40km2. Supposing that they are equilat-

eral triangles the dimension of each side is almost 10km. The following �gure

4.15b shows the triangles of the chosen mesh.
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(a)

(b)

Figure 4.15: The mesh resolution

The choice of the grid resolution is in accordance with studies that takes into

account all the Mediterranean basin. Finer mesh is used to analyze a smaller

region, for instance the region where the medicane Ianos mostly caused damage:

the Greek coast or the South of Italy.

The mesh size has been chosen to have a reasonable simulationrunning time

avoiding oscillations in the numerical solution.
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4.2 Required data

A symmetric cyclone can be simulated in SMS using ADCIRC modelknowing:

1. the minimum sea level pressure , in millibar, [ mb]. From the theory, the

location of the minimum sea level pressure corresponds to the center of the

medicane;

2. the maximum sustained wind speed , in knots, [kn];

3. the radius of the last closed isobar , in nautical miles, [nm];

4. theradius of the maximum winds , in nautical miles, [nm]. The radius of

the maximum wind is the distance between the location where the minimum

sea level pressure and the maximum wind velocity are reached;

5. the latitude and longitude of the center of the medicane, in degrees, [°];

6. the time o�set between the insert data, in hours, [h].

ERA54 is the �fth generation ECMWF (European Centre for Medium-Range

Weather Forecasts) atmospheric reanalysis of the global climate covering the pe-

riod from January 1950 to present. ERA5 is produced by the Copernicus Climate

Change Service at ECMWF. It provides hourly estimates of a large number of

atmospheric, land and oceanic climate variables.

Hourly data of:

- mean sea level pressure, inPa;

- 10 meters components of wind along thex an y directions, named respec-

tively u and v, in m=s;

corresponding to the period of time between 14 to 21 September 2020 (the dates

of Ianos propagation) have been downloaded from ERA5.

These three variables are used to extract all the needed input for the ADCIRC

Model, listed above.

The following �gures show the wind speed with the isobars at di�erent times.

It is a visualization of the data extracted from the ERA5 dataset.
4https://cds.climate.copernicus.eu/cdsapp#!/dataset/

reanalysis-era5-single-levels?tab=form
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Figure 4.16 shows the Ianos medicane when it starts to assume awell-de�ned

form.

Figure 4.16: Wind velocity and isobars

Figure 4.17 and 4.18 shows the time period in which the Ianos medicane is

well-formed and is directed to the Greek coastline.

Figure 4.17: Wind velocity and isobars
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Figure 4.18: Wind velocity and isobars

Figure 4.19 shows the Ianos medicane hitting the Ionian island and the Greek

coastline.

Figure 4.19: Wind velocity and isobars

Figure 4.19 represents the period of time when the Ianos medicane is reducing

is intensity and going away from the coastline.
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Figure 4.20: Wind velocity and isobars

Three Matlab script are prepared. The �rst script is used to derive the min-

imum values of the mean sea level pressure and the corresponding latitude and

longitude coordinates of these points which indicate the center of the medicane.

The second script is used to evaluate the maximum values of the wind velocity,

also de�ned as the sustained wind velocity, and the radius ofmax winds. The

last one is used to extract the radius of the last closed isobar.

In the following subsections the procedure used to derive the required input from

the downloaded data is explained in details. The data used refers to the period

starting on September 15 2020 at 5:00 AM since it is the time in which the storm

is well de�ned and starts to intensify.
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4.2.1 Extracting the min sea level pressure and the track of

the medicane

The �le containing the mean sea level pressure and the two components of the

wind velocity in each point of the region of interest from September 15 to 21 of

2020, named"Data.nc" , is uploaded in Matlab.

The latitude, the longitude, the pressure and the two components of the ve-

locity are saved in three-dimensional matrices.

A threshold of pressure, 1:02� 105Pa, is de�ned and the minimum values below

this threshold are plotted at each time step of one hour.

A minimum of pressure that could have been the one relative tothe center of

the medicane has been guessed on September 15 at 5:00 AM. Thenit has been

checked that it was actually describing the center of the medicane Ianos by fol-

lowing its path with the following procedure.

Once this minimum has been chosen, a small circle around thispoint has been

de�ned with a radius of two degrees5. On this area, the minimum values of pres-

sure are found and the minimum value of all of these has been chosen to be the

center of the medicane at the next time step.

This procedure is done knowing that the center of a cyclone isa point of minimum

pressure.

Figure 4.21 indicates with the red star the minimum of the meansea level pres-

sure chosen at the �rst time step.

At each time step, once �xed the initial minimum, the path of the minima has

been followed to see the correctness of the choice.
51 degree = 60 nautical miles
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Figure 4.21: Example of the minimum of the mean sea level pressure at the in itial time step

Figure 4.22 shows that the �rst chosen minimum is correct, in fact the red star

shows exactly the center of the medicane, made of closed isobars with increasing

values of mean sea level pressure.
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Figure 4.22: Correctness of the choice of the �rst minimum of the mean sea l evel pressure

Figure 4.23 shows the Ianos medicane impacting the Greek Ionian islands.
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Figure 4.23: Correctness of the choice of the �rst minimum of the mean sea l evel pressure

This Matlab �le returns the values of the minimum mean sea level and the

coordinates where these minima are found which correspond to the pathway

of the medicane. These values are collected in a Matlab text named "Center-

sIanos.mat".

In this way three of the required data for the ADCIRC model are derived.
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4.2.2 Extracting the radius of the maximum winds

"Data.nc" is uploaded in Matlab. In this script the scope is to derive the radius

of the maximum sustained wind.

First of all, the wind velocity is evaluated at each time step,knowing two com-

ponents u and v. As before, a circle around the center of the medicane is de�ned.

On this area, the maximum values of the velocity are saved andthe maximum of

all the maxima is selected.

In �gure 4.24 the red star indicates the center of the medicane and the blue circle

is the point where the maximum of all the maxima of the velocity is. As it can be

visualized, the red star is placed where the minim value of the velocity is, since

the center of a hurricane is a calm region.

Figure 4.24: Example of the minimum of the mean sea level pressure and the m aximum of the
velocity at the initial time step

The radius of the maximum sustained wind is chosen as the distance between

the center of the medicane, already found in the previous section, and the point

where the maximum of the maxima is assumed.

Figure 4.25 shows that the blue circle is in the region where the wind velocity is

higher while the red star is in the region where the wind velocity is lower. As

analyzed in details, the center of the medicane is always theregion with lower

velocity values.
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Figure 4.25: Example of the minimum of the mean sea level pressure and the m aximum of the
velocity at a di�erent time step

The values of the velocity radius and the previous derived variables at each

time step have been converted using the required unit measures for the ADCIRC

model. The resulting data have been saved in an excel �le named"ResultsAD-

CIRC.xlsx".
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4.2.3 Extracting the radius of the last closed isobar

A Matlab script is made to derive the radius of the last closedisobar, as required

for the ADCIRC simulation. On this script, "Data.nc" and "CentersIanos.mat"

are uploaded.

The center of the mean sea level pressure is saved at each timestep. It is used as

the center of circles with a radius that starts from 0.5 to 3 degrees with a space

step of 0.5 degrees. These circles are plotted as shown in thefollowing �gure 4.27

and used as reference to quantify the radius of the last closed isobar.

Figure 4.26: Examples of how to �nd the radius of the last closed isobar

Figure 4.27: Examples of how to �nd the radius of the last closed isobar

This procedure has been done manually at each time step. All the values
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have been collected in an excel �le, named"RadiusPressure.xlsx". The obtained

values have been converted with the required unit measure for the Adcirc Model,

the nautical miles.
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4.3 Ianos track

The tack of the medicane has to be insert in SMS in order to simulate the model.

The input for the Adcirc Model derived in the previous sectionare collected

in two excel �les.

ResultsADCIRC.xlsx contains the latitude, the longitude of the center of the

medicane, the minimum mean sea level pressure, the maximum sustained wind

and the radius of the maximum wind.RadiusPressure.xlsxcontains the radius of

the last closed isobar. The values are indicated with the required unit measures:

knots, nautical miles and millibar. In the following �gures4.28a, 4.28b the tables

de�ned in these two excel �les are shown.

(a) ResultsADCIRC.xlsx
(b) RadiusPres-

sure.xlsx

Figure 4.28: Required parameters

In SMS a newCovarage is de�ned asADCIRC - wind - Holland/PBL

as Holland Symmetric . It is called Ianos since it represents the medicane.

The trajectory of the medicane is drawn approximately and then rede�ned on
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the Storm Track Node Attributes tab, shown in �gure 4.29. On this tab the

values of the nodal coordinates and its corresponding nodalvalues of the required

parameters are insert.

As shown in the highlighted blue box of �gure 4.29 theTime offset expressed

in hours is chosen as 1. This means that the input values are insert with a time

step of one hour.

The Storm start is set in order to start the simulation on September 15 at

11:00 AM.

Figure 4.29: Table to de�ne the storm parameters in each node

The total number of nodes is 121. The �rst node refers to the date of

15/09/2020 at 11:00 AM and the last one refers to the date of 20/09/2020 at

11:00 AM. The simulation refers to a period of time of �ve days.

The values insert in each node are listed in the following table 4.2, whereN

indicated the node number.

N Lat Lon Max sus-

tained

wind

speed

Min

mean sea

level

pressure

Radius

of last

closed

isobar

Radius

of max

wind

1 33.0 15.0 40 1100 120 82

2 33.0 15.1 39 1010 110 88

3 32.9 15.2 35 1009 105 93
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4 32.9 15.3 35 1009 90 102

5 32.8 15.5 34 1008 90 109

6 32.9 15.6 33 1009 98 113

7 31.1 15.7 33 1009 98 115

8 33.2 15.7 33 1009 105 109

9 33.3 15.8 32 1009 113 108

10 33.4 15.9 32 1010 105 102

11 33.4 15.9 33 1010 101 92

12 33.5 16.0 32 1009 101 78

13 33.5 16.0 35 1009 87 69

14 33.7 16.2 34 1008 81 59

15 33.9 16.4 33 1008 86 53

16 34.1 16.6 34 1007 93 52

17 34.3 16.8 37 1007 99 49

18 34.5 16.8 42 1007 120 50

19 34.6 16.8 44 1006 135 49

20 34.7 16.8 46 1006 143 49

21 34.8 16.8 45 1006 165 48

22 34.9 16.9 47 1006 165 51

23 35.1 17.0 47 1006 170 51

24 35.3 17.1 46 1005 171 49

25 35.5 17.3 45 1005 173 55

26 35.6 17.3 42 1005 183 62

27 35.7 17.4 42 1005 188 68

28 35.8 17.4 45 1004 189 70

29 36.0 17.5 47 1004 187 71

30 36.1 17.5 50 1004 180 68

31 36.2 17.4 52 1003 173 64

32 36.3 17.4 52 1003 170 64

33 36.5 17.3 52 1003 164 67

34 36.6 17.3 54 1003 158 68

35 36.7 17.3 51 1003 156 67

36 36.7 17.3 51 1003 156 66

37 36.8 17.3 50 1003 156 63

38 36.8 17.4 48 1002 165 61



4.3 Ianos track 57

39 36.9 17.5 50 1002 165 61

40 36.9 17.7 50 1001 165 64

41 37.0 17.8 49 1001 165 67

42 37.1 17.8 48 1000 156 73

43 37.1 17.9 47 1000 155 76

44 37.2 18.0 48 1000 150 76

45 37.3 18.0 48 1001 146 73

46 37.3 18.1 47 1001 140 76

47 37.4 18.3 47 1001 132 74

48 37.4 18.5 48 1003 123 73

49 37.5 18.8 48 1003 122 77

50 37.5 18.8 48 1002 122 80

51 37.5 18.9 48 1002 123 74

52 37.5 18.9 49 1001 126 74

53 37.5 19.0 50 1001 125 77

54 37.5 19.2 53 1001 122 79

55 37.5 19.5 51 1001 122 80

56 37.5 19.6 51 1002 125 85

57 37.5 19.8 50 1002 120 85

58 37.6 19.8 51 1002 120 78

59 37.7 19.9 52 1002 117 68

60 37.7 20.0 52 1001 110 64

61 37.8 20.2 51 1002 111 59

62 37.9 20.4 49 1001 107 52

63 37.9 20.6 51 1001 101 54

64 38.0 20.0 52 1001 101 54

65 38.0 20.8 50 1001 96 51

66 38.1 20.8 51 1001 98 51

67 38.1 20.9 46 1002 96 54

68 38.2 20.9 45 1003 104 54

69 38.3 21.0 43 1004 99 57

70 38.3 21.0 42 1005 95 57

71 38.3 20.9 43 1005 93 55

72 38.3 20.9 48 1004 93 50

73 38.3 20.8 46 1005 96 46
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74 38.3 20.8 47 1004 102 44

75 38.2 20.9 47 1005 114 44

76 38.1 21.0 46 1004 114 47

77 38.0 21.0 45 1005 141 53

78 38.0 21.0 44 1005 162 60

79 37.8 21.2 42 1005 176 67

80 37.7 21.2 42 1006 183 77

81 37.6 21.3 42 1007 182 82

82 37.6 21.3 42 1007 152 85

83 37.5 21.3 41 1007 122 78

84 37.4 21.3 38 1009 114 73

85 37.3 21.3 39 1009 87 64

86 37.3 21.3 38 1009 86 56

87 37.3 21.3 37 1009 93 56

88 37.2 21.4 37 1009 93 62

89 37.2 21.4 38 1009 96 68

90 37.2 21.3 40 1009 104 72

91 37.1 21.3 39 1009 114 78

92 36.82 21.3 39 1009 108 78

93 36.5 21.3 39 1010 116 78

94 36.4 21.4 39 1010 123 77

95 36.2 21.5 37 1010 122 78

96 36.0 21.6 33 1010 122 80

97 35.8 21.8 32 1010 114 88

98 35.7 21.9 32 1009 107 88

99 35.6 22.0 32 1009 98 85

100 35.4 22.2 32 1009 96 80

101 35.3 22.3 33 1009 96 78

102 35.2 22.3 36 1008 99 70

103 35.0 22.4 39 1009 107 70

104 34.7 22.5 39 1009 107 73

105 34.5 22.5 40 1009 99 82

106 34.4 22.8 42 1010 89 88

107 34.4 23.1 42 1010 83 94

108 34.3 23.3 44 1009 83 94
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109 34.3 23.5 45 1008 87 97

110 34.2 23.6 44 1008 90 93

111 34.1 23.7 43 1008 83 93

112 34.0 23.8 43 1008 75 95

113 33.8 24.0 43 1008 71 103

114 33.7 24.1 42 1008 68 109

115 33.7 24.2 42 1008 69 115

116 33.6 24.3 42 1009 69 116

117 33.5 24.5 38 1009 71 117

118 33.5 24.6 36 1009 74 117

119 33.4 24.7 31 1009 78 102

120 33.4 24.9 31 1009 74 83

121 33.3 25.0 31 1009 76 71

Table 4.1: Values insert for the storm track

Once all the values listed on the table 4.2 are insert for eachnode, the tra-

jectory of the medicane is correctly de�ned. Figure 4.30 shows the Ianos path

during these �ve days.

Figure 4.30: Storm track
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The maximum sustained wind speed and the minimum mean sea level pres-

sure data needed for the simulation are shown in following �gures. These are

expressed with the required unit measures for the ADCIRC model.
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Figure 4.31: Minimum mean sea level pressure
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Figure 4.32: Maximum sustained wind speed
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4.4 Simulations set-up

Two simulations have been done with two di�erent purposes. The �rst one is

used to understand the e�ects of the medicane along the coastline. The second

one is used to verify the correctness of the procedure comparing the results with

another study.

The following procedure is used for both the simulations.

The ADCIRC Model Control Tab is opened to de�ne the model characteris-

tics.

The General Tab is shown in �gure 4.33.

Figure 4.33: General Tab

In particular,

- the model type is de�nes as2D-DI ;

- Time derivative terms is selected. It indicates whether the time deriva-

tive components of the convective acceleration terms in theGWCE are
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included in the computations6;

- Advective terms are included in the computation;

- Finite amplitude terms is chosen. It indicates whether the �nite ampli-

tude component of the total depth is considered. When the �nite terms in

the equations are not included, the full depthH = h + � is approximately

the depth to the geoidh. Otherwise, the full depthH = h + � is used in all

terms where it appears7;

- Coriolis Option determines whether the Coriolis parameter is treated as

a spatially homogeneous or variable parameter. It is set as spatially ho-

mogeneous but it may also be speci�ed as spatially varying. In this case,

the Coriolis parameters are computed on a nodal basis asf = 1 � 
 sin �

where 
 equals the angular speed of the Earth and� values are based on

an inverse CPP projection;

- Bottom Stress/Friction controls the type of bottom stress parameteri-

zation used in a 2D ADCIRC run. It is set asConstant Quadratic with

0:0025. A value of� o = 0:005 is suggested for deeper water (greater than

10 m depth). For shallow water,� o = 0:02 is recommended.

6These terms should be turned These terms should be turned on if the �nite amplitude terms
and/or the spatial derivative portion of the convective terms are considered in the computations
for reasons of solution consistency and mass conservation.

7It is noted that when the �nite amplitude terms are turned on, the ti me derivative portion
of the convective acceleration terms should also be included in the computations for reasons of
consistency and mass conservation.
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The Timing tab is shown in �gures 4.34 and 4.35.

Figure 4.34: Timing Tab for the �rst simulation

Figure 4.35: Timing Tab for the second simulation
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On these tabs:

- Ramp function value is set at 0.020. This ramp function helps avoid

exciting resonant modes in large basins which may occur due to the cold

start process;

- Coldstart data is set at 15/09/2020 at 11:00 AM;

- Time step is chosen as 2 sec for the �rst simulation and as 15 sec for the

second one8;

- Run time , the total length of time a simulation is run, is set at 5 days.The

starting date is 15/09/2020 at 11:00 AM and the ending date is 20/09/2020

at 11:00 AM.

Many simulations have been done to chose correctly the time step or the grid size

in order to avoid oscillations on the numerical solution.

The Files tab is shown in �gure 4.36.

Figure 4.36: Files Tab

8After many simulations, the time step for the second simulation has been increased since
it does not a�ect the numerical stability but is used to reduce the simulation time.
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On this tab the output needed are selected:

- Elevation/Bathymetry time series (global) ,

- Velocity Time Series (global) ,

- Atmospheric Pressure Time Series (global) ,

- Wind Velocity Time Series (global) ,

with a time step, denoted asFrequency , of 60 min which corresponds to one

hour. In particular, the Start is indicated with 0 and the End is 5 since the

medicane lasts for 5 days.

The Wind Tab is shown in �gure 4.37.

Figure 4.37: Wind Tab

On this tab:

- NWS =8,NWS =19,NWS =12 - Hurricane is selected. It is called

Node Wind Stress value and it controls whether wind velocity or stress,

wave radiation stress and atmospheric pressure are used to force ADCIRC.
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With this choice, wind velocity and atmospheric pressure arecalculated at

every node on the 
y by ADCIRC internally using the Dynamic Holland

model;

- Hurricane path has to be chosen as the path previously de�ned, named

Ianos ;

- 0.8 is chosen for theBoundary layer . It is the adjustment factor, BLAdj,

between wind speed at 10 meters and the wind speed at the top ofthe

atmospheric boundary layer where

winds at top of atm. b.l. = winds at 10m=BLAdj :

Reasonable range is 0.7 to 0.9.

The Tidal/Harmonic Tab is shown in �gure 4.38. The tidal component is

activated only for the second simulation.

Figure 4.38: Wind Tab

Tidal constituents are variations in tides that are createdby di�erent fre-

quencies of astronomical forcing. They arise due to the gravitational in
uences



4.4 Simulations set-up 67

of the Moon and Sun on the Earth, the tilt of the rotational axis of the Earth, the

elliptical shape of the Moon's orbit around the Earth, the shape of the Earth's

orbit around the Sun, and other such factors.

Many constituents have been de�ned and are classi�ed based on their cycle

lengths. Most of the tidal constituents used in the ADCIRC interface of SMS

are either diurnal (one cycle per day) or semidiurnal (two cycles per day) in na-

ture. Harmonic constituents are those variations that have periods of less than

half a day.

SMS uses the following databases to provide the tidal constituent data to an

ADCIRC simulation:

ˆ LeProvost database is a set of.legi �les which provide amplitude and

phase information,

ˆ ADCIRC database includes a grid �le and a harmonics �le that uses an

.exe extractor to put information into SMS.

The Use forcing constituents and Use potential constituents have been

selected.

In the New Constituent tab, the eight tidal components from LeProvost database

are chosen: M2, S2, N2, K2, K1, O1, P1, Q1 that account for more than 99 % of

the total tidal elevation.

Figure 4.39: New Constituent Tab
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Finally the commandADCIRC ! Run ADCIRC is selected and the med-

icane is simulated.

The water surface elevation with a time step of four hours is visualized in SMS.

The following �gures 4.40 and 4.41 shows the water surface elevation at di�erent

time steps. The color bar indicates the elevation expressedin meters.

The initial water level is the one corresponding to September15 at 11:00 AM,

then the �rst results refers to September 15 at 12:00 AM.

Figure 4.40 shows the water surface elevation at this �rst time step indicated

as shown in the black box, 0 01:00:00, that is September 15 at 12:00 AM. This

means that it is the �rst result, after one hour.

(a)

(b)

Figure 4.40: Water Surface Elevation at the �rst time step

The same consideration is derived for the water surface elevation correspond-

ing for instance to 1 08:00:00, shown in �gure 4.41. As shown inthe following

table 4.2 this time step corresponds to September 16 at 3:00 PM.
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(a)

(b)

Figure 4.41: Water Surface Elevation at the �rst time step

Date and Hour Time Step in

SMS

15 Sept 12:00 AM 0 01:00

15 Sept 1:00 PM 0 02:00

15 Sept 2:00 PM 0 03:00

15 Sept 3:00 PM 0 04:00

15 Sept 4:00 PM 0 05:00

15 Sept 5:00 PM 0 06:00

15 Sept 6:00 PM 0 07:00

15 Sept 7:00 PM 0 08:00

15 Sept 8:00 PM 0 09:00

15 Sept 9:00 PM 0 10:00

15 Sept 10:00 PM 0 11:00

15 Sept 11:00 PM 0 12:00

15 Sept 12:00 PM 0 13:00

16 Sept 1:00 AM 0 14:00

16 Sept 2:00 AM 0 15:00

16 Sept 3:00 AM 0 16:00
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16 Sept 4:00 AM 0 17:00

16 Sept 5:00 AM 0 18:00

16 Sept 6:00 AM 0 19:00

16 Sept 7:00 AM 0 20:00

16 Sept 8:00 AM 0 21:00

16 Sept 9:00 AM 0 22:00

16 Sept 10:00 AM 0 23:00

16 Sept 11:00 AM 1 00:00

16 Sept 12:00 AM 1 01:00

16 Sept 1:00 PM 1 02:00

16 Sept 2:00 PM 1 03:00

16 Sept 3:00 PM 1 04:00

16 Sept 4:00 PM 1 05:00

16 Sept 5:00 PM 1 06:00

16 Sept 6:00 PM 1 07:00

16 Sept 7:00 PM 1 08:00

16 Sept 8:00 PM 1 09:00

16 Sept 9:00 PM 1 10:00

16 Sept 10:00 PM 1 11:00

16 Sept 11:00 PM 1 12:00

16 Sept 12:00 PM 1 13:00

17 Sept 1:00 AM 1 14:00

17 Sept 2:00 AM 1 15:00

17 Sept 3:00 AM 1 16:00

17 Sept 4:00 AM 1 17:00

17 Sept 5:00 AM 1 18:00

17 Sept 6:00 AM 1 19:00

17 Sept 7:00 AM 1 20:00

17 Sept 8:00 AM 1 21:00

17 Sept 9:00 AM 1 22:00

17 Sept 10:00 AM 1 23:00

17 Sept 11:00 AM 2 00:00

17 Sept 12:00 AM 2 01:00

17 Sept 1:00 PM 2 02:00

Table 4.2: Values insert for the storm track
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Numerical results

In order to analyze and visualize the results, the water surface elevation, the at-

mospheric pressure, the wind velocity and the depth averaged velocity values in

each node of the mesh at each time step have been exported in Matlab as text

�les. The procedure used to export the output is presented asfollows for both

the two simulations.

The Water Surface Elevation is clicked and saved as a Tabular Data Files

txt.

In the Export Tabular File tab, shown in Figure 5.1,Number of is set at 3

in order to have three columns of data,Precision is set at 10 to have the best

precision on the output data,Column Headingsis selected in order to give a name

to each column andDelimiter is chosen asTab to have a good visualization in

Matlab.

Three columns are de�ned: in the �rst two the latitude and longitude of each

node, named x and y, is saved, and in the last one all the water surface elevation

values at each time step, named H, are saved. This last column has the number

of rows equal to the number of nodes and the number of columns equal to the

number of time steps that are 120. More precisely, at the end the text �le con-

tains 122 columns.

The Export Tabular File tab selection is shown in �gure 5.1.

71
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Figure 5.1: Exporting the Water Surface Elevation from SMS

The same procedure is done for the other three output: theAtmospheric

Pressure , �gure 5.2, the Depth Averaged Velocity , �gure 5.3, and theWind

Velocity , �gure 5.4.

For the Atmospheric Pressure the third column contains 120 values where

each value corresponds to the atmospheric pressure at each single time steps. As

shown in �gure 5.2 the third column contains the atmosphericpressure values

labeled from 3 to 122.
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Figure 5.2: Exporting the Atmospheric Pressure from SMS

The third column for the Depth Averaged Velocity , �gure 5.3, and the

Wind Velocity , �gure 5.4, contains values labeled from 3 to 242 since these

are vector quantities in two-dimension. There are 120 values for the x and the y

component then 240 values for these two output.
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Figure 5.3: Exporting the Depth-averaged Velocity from SMS

Figure 5.4: Exporting the Wind Velocity from SMS

The procedure used to visualize the results is explained andsome considera-

tions are made in the following subsections.
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5.1 Sea levels

The text �le containing the Water Surface Elevation at each time step for the

�rst simulation has been uploaded in Matlab in order to visualize the simulation

results, starting from September 15 at 11:00 AM to September 20 at 12:00 AM.

The elevation is de�ned in meters and the following �gures show some of the

results visualization.

Figure 5.5a shows that on September 15 at 11:00 AM the e�ect of the storm is

not very relevant since it has not been yet formed. Figure 5.5bshows that at 7:00

PM (19:00) the medicane is increasing its e�ects.

(a)

(b)

Figure 5.5: Water surface elevation

In the following �gures 5.6 the e�ect of the medicane is observed in the South

of Italy and in the West coast of Greece where there is a signi�cant increase of
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the water surface elevation.

(a)

(b)

(c)

Figure 5.6: Water surface elevation

Figure 5.6b shows that on September 17 at 8:00 AM there is an increase of
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almost 5 cm of the water level on the South Italy. Figure 5.6c shows that on

September 17 at 8:00 PM there is an increase of more than 10 cm in the West

coast of Greece and in the Western Greek islands.
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5.1.1 Visualize the water surface elevation in some

observation points

Some observation points have been chosen. These points are located in front of

some well known cities and others in regions that were mostlya�ected by the

presence of the medicane. In fact, on these points the water surface elevation is

evaluated to visualize the Ianos medicane e�ects.

The procedure used to design the observation points is explained as follows.

The latitude and longitude of the cities of interest are saved and used to create

Observation Coverage points on SMS.

As shown in the following �gure 5.7, on theObservation Points tab a city is

de�ned. For instance, theObservation Coverage point of Barcelona is de�ned

through its coordinates.

Figure 5.7: Observation Coverage Points

These Observation Coverage points are visualized in the Mediterranean region

and moved further from the coast in order to derive points where it is possible to

derive an elevation. In other words, these points must be in the Mediterranean

region and must be located where the mesh is present, otherwise no result can be

derived.
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The following �gure 5.8 shows an observation point de�ned infront of Genoa,

Italy, with red colour. It has been set at a distance of �ve kilometers from the

coast.

Figure 5.8: Observation point in front of Genoa, Italy

All the other observation points have a distance from the coast that ranges

between 5 up to 15 kilometers.

Once these observation points are de�ned, these are saved asa shape �le, named

Points.shp. This �le is uploaded in Matlab.

The Water Surface Elevation at each time step for nodes in the Mediter-

ranean region is known from the ADCIRC simulation and, as explained above,

saved onelev.txt. These results are uploaded in Matlab.

From elev.txt the water surface elevation at each time step for each nodal point

is extracted and used to derive the water surface elevation in each observation

point at each time step, with an interpolation function of Matlab.

To have a better description, the maximum of the water surface elevations regis-

tered in each of these points is taken. In this way, the maximum level of water

and the time at which it is reached are known.

In the following �gure 5.9 the water surface elevation is shown for some of the

observation points previously de�ned. Figure 5.9 shows thatthe parts where the

presence of Ianos was signi�cant are the South of Italy, the Western Greek coast

and the Ionian islands.
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Figure 5.9: Level of Inundation

The following table 5.1 summarizes this simulation results, written in order of

time. The highest values are highlighted which have been registered in the South

of Italy and in Greece, the two places that most felt the e�ectof the medicane.

In particular, the observation point in front of Locri is at 8 km, of Catanzaro

Lido at 12 km, Crotone at 10 km, Prevenza at 5 km and Zacharo at 12 km.

Contrary, the cities in which the e�ects of the medicane are minor are Rome, Vi-

este and Alexandria. In fact, the track of the medicane is far from the observation

points near these cities.
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Place Date and hour Water Elevation (cm)

Tunis Sept 19 6:00 AM 3.15

Syracuse Sept 16 8:00 PM 3.59

Catania Sept 17 7:00 AM 3.42

Taranto Sept 17 1:00 PM 3.65

Leuca Sept 17 5:00 PM 3.77

Otranto Sep 17 1:00 PM 2.29

Marina di Ragusa Sept 17 7:00 AM 3.04

Locri Sept 17 07:00 AM 5:69

Catanzaro Lido Sept 17 7:00 AM 4:81

Crotone Sept 17 7:00 AM 4:15

Brindisi Sept 17 10:00 PM 1.72

Naples Sept 18 1:00 PM 1.33

Palermo Sept 17 9:00 AM 1.74

Rome Sept 17 9:00 PM 1.25

Preveza Sept 18 7:00 AM 7:19

Zacharo Sept 18 3:00 AM 8:82

Matala Sept 20 5:00 AM 4.24

Vieste Sept 18 9:00 AM 1.68

Alexandria Sept 20 4:00 AM 0.98

Table 5.1: The maximum water surface elevation in a speci�c place with t he given date
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5.2 Currents

The text �le containing the Dpth-Averaged Velocity is uploaded in Matlab

and the following �gures are used to better visualize the simulation results.

On the following �gures 5.10 two cases when Ianos was close tothe coast are

shown.

Figure 5.10a shows the date in which the medicane was crossingthe South of

Italy. Figure 5.10b shows the date in which Ianos was hitting the Greek coast.

(a)

(b)

Figure 5.10: Current



5.3 Wind 83

5.3 Wind

The text �le containing the Wind Velocity along the two directions is uploaded

in Matlab and the following �gures are used to better visualize the simulation

results.

To better visualize the simulation results the black arrowsindicates the wind

directions, obtained from thex and y components of the velocity, and the color

bar de�nes the wind velocity intensity.

In the following �gures 5.11a, 5.11b the storm is well de�ned. It is character-

ized by a calm center where the wind velocity is around zero and the velocity

values increase around the center of the medicane.

There is a counter-clock wise rotation around the eye which is the known storm

rotation in the Northern Hemisphere.
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(a)

(b)

Figure 5.11: Wind velocity

Figure 5.11a refers to September 16 at 7:00 AM when the storm is not yet

a�ecting the South coast of Italy.

From �gure 5.11b it can be observed that in the South of Italy and Western Greek

coast the wind velocities are increasing on September 17 at 7:00 AM.

In the following �gures 5.12a, 5.12b it is observed that strong winds occurred

in the Western Greek coast, in particular during September 19 at 3:00 AM.

In fact, this is the period of time in which the Ianos medicanecaused extreme

damage on the Greek coast.
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(a)

(b)

Figure 5.12: Wind velocity
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5.4 Atmospheric Pressure

The text �le containing the Atmospheric Pressure at each time step is up-

loaded in Matlab and the following �gures are used to better visualize the simu-

lation results.

In the following �gure 5.13 the simulation results are visualized in two di�er-

ent time step: on September 15 at 3:00 PM, when the Ianos medicane starts to

intensify and on September 17 at 3:00 AM, when the medicane starts to a�ect

the South of Italy coastline.

As analyzed in details in the previous section relative to thetheory of medi-

canes, the smallest value of the mean atmospheric pressure has to be observed in

the center of the medicane. In fact, in the �gures the atmospheric pressure takes

the minimum value exactly in the proximity of the eye of the medicane.
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(a)

(b)

Figure 5.13: Atmospheric Pressure

The medicane path is de�ned in the �gures 5.13a, 5.13b through the black

line. On this path each point represents the center of the medicane in each time

step. It can also be visualized that the black point, indicating the center of the

medicane, corresponds to the region of minimum atmosphericpressure value.
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5.5 Comparisons with another study

In this section results from another study are used to analyze the simulation re-

sults, in order to check the validity of the simulation procedure explained in this

project. The simulation considered is the one in which the tidal component has

been insert.

In this study the maximum sea surface elevation anomaly has been registered

in seven stations, shown in the following �gure 5.14. These places are the ones

in which the medicane Ianos mostly caused damage.

Figure 5.14: Comparing the simulation results on the listed stations

The maximum sea level anomaly, denoted as SLA, on these stations for this

study is expressed in the third column of the following table. These values are

compared with the maximum values reached on these stations when the Ianos

medicane passed across these points.
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Station Simulation Result Other Study Result

Catania 13 cm 13 cm

Otranto 14 cm 12 cm

Katakolo 25 cm 29 cm

Kiparisia 17 cm 20 cm

Kalamata 11 cm 12 cm

Gokceda 10 cm 6 cm

Thessaloniki 10 cm 8 cm

Table 5.2: The Water Surface Elevation comparison

In particular, the water surface elevation registered in these seven stations

has been plotted as shown in �gure 5.15 for Catania. The period of time in which

the medicane passed across that station has been analyzed and on that speci�c

range the maximum water surface elevation is taken.

In this case, the Ianos medicane a�ected Catania during the time between Septem-

ber 16 at 7 PM to 11 PM.

Figure 5.15: Catania station results

The maximum value reached is 13 centimeters and it has been taken on

September 16 at 11:00 PM.

Figure 5.16 shows the water surface elevation relative to theOtranto station.

The medicane mostly a�ected this place between September 17at 3:30 PM to

6:30 PM. The maximum elevation was 14 centimeters assumed onSeptember 17

at 6:30 PM.
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Figure 5.16: Otranto station results

The same considerations have been done for the water surfaceelevation reg-

istered in the other �ve stations. The elevation registeredin these stations are

shown in the following �gures. For each station, the period in which the Ianos

medicane passed next to these places has been taken into account.

Figure 5.17: Katakolo station results

Figure 5.18: Kiparisia station results
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Figure 5.19: Kalamata station results

Figure 5.20: Gokceda station results

Figure 5.21: Thessaloniki station results

The values are collected on the second column of the table 5.2.

To better comparing the results the following �gure 5.23 canbe considered.
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Figure 5.22: Comparing the simulation results

There are small di�erences between the two studies that could derive from the

boundary simpli�cation of the Mediterranean Sea. Many details along the coast-

line have not been considered. There is the possibility to increase the Mediter-

ranean boundary details, causing also the increase of the running time, and com-

pare the results to see if the di�erence is reduced.
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5.6 Ianos registered damage

The maximum water surface elevation reached in all the nodalpoint has been

collected in the following �gure. The color bar indicates the water level.
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Figure 5.23: The maximum water surface elevation

Medicanes are often associated to heavy rainfall, 
ooding,intense wind, high

waves and storm surge. They can be serious threats to human life and infrastruc-

ture. Medicanes can also produce signi�cant damage due to the combination of

intense winds and heavy precipitation.

The following �gure 5.24 shows the main e�ects of the Ianos medicane. The cen-

tral �gure collects the maximum water surface elevation reached on each nodal

point at each time steps. The smaller images show the observed e�ects of the

medicane on Capo Rizzuto (*), Lefkada (*), Agia E�mia ( *), Itaka ( *), Argostoli

(*) and Zante (*).

Figure 5.24 highlights the necessity to increase the knowledge about these devas-

tating phenomena to reduce the impact and predict them.
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Figure 5.24: E�ects of the Ianos medicane



Chapter 6

Conclusions

Medicanes are rare phenomena but can lead to high impact events in the Mediter-

ranean basin. Research work predicts an increasing trend ofappearances of

strongest medicanes in the short term and fewer appearance of the weaker ones.

Studies of medicane can contribute to the enrichment of knowledge and the im-

provement of understanding the medicane formation and evolution. For this

reason this work provides a way to study medicanes nature ande�ects.

In this work the Ianos medicane has been simulated using the Adcirc model.

An approach to derive the main characteristics of the storm path from known

data, derived from the ERA5 database, has been provided.

It is an approach that uses just two data concerning the mean sea level pressure

and the components of the wind velocity at ten meters high andderives the infor-

mation on the medicane path from the hurricane main characteristics. From the

two known data the following variables have been derived: the minimum values

of the mean sea level pressure, which represents the center of the medicane, the

radius of the last closed isobar, the maximum sustained windspeed, the radius of

the maximum winds and the latitude and longitude of the center of the medicane.

All these values are insert at each time step of one hour, from September 15 at

11:00 AM to September 20 at 11:00 AM.

The Mediterranean basin has been simpli�ed on ArcGIS Pro and SMS in order

to build the mesh. Some simpli�cations on the Mediterraneanbasin have been

done to reduce the simulation time.

Many simulations have been done to check the stability of thesolution reduc-

ing the time step or the mesh resolution. Finally, two simulations have been

95
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analyzed. The �rst is made to analyze the medicane e�ects along the coastline in

order to increase the knowledge about these rare phenomena.The second sim-

ulation is done introducing the tidal component to compare the resulting data

to another study. This simulation is done to check the validity of the analyzed

procedure.

A further implementation can be done to check more in detailsthe damage along

the coastline. This can be done using the simulation resultson a coarse mesh, for

instance the one used in these project, as the boundary conditions for a smaller

region on a place where the medicane caused more damage with a�ner mesh.

This procedure is generally used to study deeply the coastal
ooding events on a

speci�c coastline.
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